INTRODUCTION: Different techniques can be utilized in vitro to evaluate the durability of the bond strength to tooth structure. Shear bond strength test is one of these methods which have been widely used. Glass carbomer has been introduced with claims of improved physical characteristics in comparison with conventional GICs. OBJECTIVES: The aim of the study was to compare and evaluate the shear bond strength of glass carbomer to primary dentin versus a high viscosity glass ionomer (Fuji IX GP) MATERIAL AND METHODS: Twenty primary molar teeth extracted for orthodontic purposes or exfoliated by normal shedding were collected according to specific criteria from public hospitals in Alexandria and outpatient clinic of the Faculty of Dentistry, Alexandria University. Crown surfaces of the included teeth were mounted in acrylic blocks then, ground with water-cooled silicon carbide abrasive papers successively to obtain flat dentin surfaces. The prepared specimens (n=20) were divided into two groups according to the glass ionomer cement (GIC) bonded to the dentin surface (10/ each group): group I (Fuji IX GP) and group II (Glass Carbomer). Shear bond strength (SBS) between dentin surface and the bonded material was measured using a universal testing machine.
EVALUATION OF SHEAR BOND STRENGTH OF NANOPARTICLES GLASS CARBOMER AND HIGH VISCOSITY GLASS IONOMER IN PRIMARY TEETH DENTIN (IN VITRO STUDY) INTRODUCTION
The use of bonded restorations in children has a significant importance in the present day restorative dentistry. Since they are adhesive to the tooth surface, they greatly reduce the removal of the tooth structure and also reduce micro-leakage thus minimizing discolorations, post-operative sensitivity and the risk of secondary caries formation (1) (2) (3) (4) .
The use of glass-ionomer cement to restore primary molars provides opportunity to reduce the cavity size by relying on the adhesive properties of these materials. The term glass ionomer cement (GIC) should be applied only to a material that involves a significant acid-base reaction as part of its setting reaction, where the acid is a water soluble polymer and the base is a special glass (5) (6) (7) .
The original GICs consist of an aqueous solution of poly acrylic acid at a concentration of about 45% which reacts with a powder consisting of calcium fluoroaluminosilicate glass (8) . Since GICs were introduced, these materials have undergone several formula changes in order to make it more suitable for clinical use and to improve its physical and mechanical properties. Therefore, broad categories of GICs are available today such as, conventional, metal-modified and resin-modified GICs. The latter two categories were developed in an attempt to overcome the problems of moisture sensitivity and low mechanical properties associated with the conventional materials but at the same time to retain some of their clinical advantages. On the other hand, improvements within the conventional GICs have produced a subgroup of high viscosity GICs (9) .
The development of glass ionomer cements focused on a higher powder-to-liquid ratio, a lower water content, and nano particles leading to the high viscosity glass ionomer cements which could be packable like amalgam and reveal enhanced flexural strength characteristics (10) (11) (12) .
Saito et al (13) reported that, Fuji IX was introduced in the mid-1990s and known as condensable or high viscous GIC. They have higher strength, greater wear resistance and flexural strength than conventional GIC. In addition, they are less sensitive to moisture contamination and leach more fluorides. Fuji IX was used as reference material as it is the most frequently reported material in the in-vivo and in-vitro studies (14) .
One of the most important advances in the dental material field is the application of nanotechnology. Rastelli et al (15) defined nanotechnology as the production and manipulation of materials and structures with particles size in the range of about 0.1 -100 nm by various physical or chemical methods providing a cosmetically acceptable restoration with excellent mechanical properties. These interesting advances led to the development of glass-ionomer based filling material called glass carbomer cement which has been introduced with claims of improved physical characteristics in comparison with conventional GICs (16) . It was reported that, the addition of hydroxyapatite (HAp) and fluorapatite (FAp) enhance the mechanical properties of the GICs (17, 18) . In addition, the nano-sized particles should facilitate the strengthening of the material through an increased particle surface area in contact with the glass-carbomer liquid (19) .
Usually, the performance standards for assessing restorative materials usually involve the measurements of compressive strength, diameter tensile strength, flexural strength, flexural modulus, color stability, fluoride release and adhesive bond strength (20) . Knight (21) reported that, adhesiveness of restorative materials to tooth structure is an important factor in current restorative technique. It prevents microleakage, secondary caries, marginal discolorations and pulpal damage. Wilson et al (22) demonstrated that the chemical adhesion of GIC to enamel and dentin is achieved by reaction of phosphate ions in the dental tissue with carboxylate groups from the polyacrylic acid and it has been cited as the most important advantage of the GICs.
Fowler et al (23) illustrated that, adhesions are usually evaluated by the determination of tensile and shear bond strength (SBS) and identified the bond strength as the load required for fracturing the bond interface divided by the cross-sectional area of the bonded area. Many factors affect the bond strength values such as, the dentin substrate, the storage conditions and the test method. Swift et al (24) stated that, bonding to dentin has been less predictable because of the wet tubular ultra-structure and organic composition of the dentin substrate. In addition, Dennison et al (25) pointed out that, there are many reasons which lead to lower bond strength of primary teeth such as, lower concentrations of calcium and phosphorus in the primary teeth than for permanent teeth, the numerical tubule concentration is greater in permanent teeth than primary teeth and the diameter of dentinal tubules is larger close to the pulpal surface (0.4-0.5 mm) in permanent teeth than in primary teeth, leading to decreased dentinal permeability in primary teeth.
Suresh (26) reported that shear bond strength assumes much importance to restorative materials clinically as the major dislodging forces at the tooth restoration interface have shearing effect. Therefore, high shear bond strength implies better bonding of the material to the tooth.
In the meantime there are limited published data on the clinical performance of glass carbomer thus, in-vitro tests may contribute with valuable insights into the physicalmechanical properties of this material. Therefore, the aim of this study was to evaluate the shear bond strength of a new generation of glass ionomer (Glass Carbomer) to primary dentin versus a high viscosity glass ionomer (Fuji IX) after 24 hours in artificial saliva. The null hypothesis tested was that, there is no difference in the shear bond strength to primary dentin between Glass Carbomer and Fuji IX.
MATERIALS AND METHODS
Sample size estimation: Using a power of 94%to detect a significant difference in mean shear bond strength between the two groups of extracted primary teeth dentin bonded with glass carbomer glass ionomer cement and high viscosity glass ionomer cement Fuji IX. A sample size of 10 specimens per group was the minimum required and it was calculated using IBM SPSS sample power program version 3.0.1 Twenty primary molars, extracted for orthodontic reason or exfoliated were collected from public hospitals in Alexandria and outpatient clinic of the Faculty of Dentistry, Alexandria University. Teeth were stored in refrigerated saline solution for maximum 3 months as recommended by the International Standards Organization (ISO) norms until required for use (27) . Teeth were cleaned from tissue remnants and debris using periodontal curettes then polished with slurry of pumice and water then they were carefully examined with a magnifying lens. Teeth with presence of cracks and developmental defects were excluded from the study (28) .
Crowns of the collected teeth were separated from the roots at cemento-enamel junction (29) . Custom made cylindrical metallic molds of 14 mm diameter and 20 mm length were filled with chemically polymerizing acrylic resin. Each crown was embedded horizontally in the acrylic resin making the buccal surface facing upwards. After curing of the acrylic resin, the specimens were removed from the molds and the convex buccal surfaces of the crowns were gently mechanically ground with water cooled silicon carbide abrasive papers or discs to obtain flat dentin surface (29) . The prepared specimens were randomly divided into two groups according to the material bonded to the dentin surface. Group I (control group) Fuji IX GP (GC Corporation, Tokyo, Japan), whereas, group II (test group) glass carbomer (Glass Carbomer Products, Leiden, Netherlands) was the material used (Table 1) .
For creating a standardized bonding area for both materials, a hole of 3 mm in diameter, was punched in a double sided adhesive tape which then adhered to the ground dentin surface. A plastic cylindrical shaped mold with internal diameter of 3mm and height of 2 mm was placed coinciding with the central hole, delimiting the area to be bonded (30) .
Both materials were activated, mixed and applied according to the manufacturer's instructions which included a pre conditioning step with 10% poly acrylic acid (GC Dentin conditioner GC Corporation, Tokyo, Japan) to the dentin surfaces of group I (Fuji IX GP group) then, the mixed capsules were placed in the applicator and extruded from the capsules into the plastic mold and were packed until the plastic mold was full. After that application of the specific surface coat of each material was done. Samples for both groups were stored in artificial saliva (31) 24 hours in an incubator at 37ºC. Finally, all specimens were subjected to shear bond test (SBS) using a universal testing machine (Comten, industries USA.). The specimens were oriented so that the stainless steel knife of the universal testing machine was perpendicular to the interface between the tooth surface and the bonded material. The knife was used to apply load at a crosshead speed of 0.5 mm/min until debonding. Then, shear bond strength was calculated in Mega Pascal (MPa) according to the following relation: bond strength(MPa) =
N (load)
A (surface area in mm 2 )
The surface area (A) was calculated from the following equation: A = лr2 Mode of failure assessment All the deboned surfaces of the specimens were examined by two examiners under a stereomicroscope (SZ-CTY Olympus, Japan) at magnification 30× to record the mode of failure. After examination by both examiners the mode of failure was determined after agreement of both examiners, failure mode was identified as (33) (fig.1) 1. Adhesive failure, if no observable glass ionomer remained on the dentin surface. 2. Cohesive failure, if visible amounts of glass ionomer remained on the dentin surface. 3. Mixed failure, if a mixture of both modes of failure was observed 
STATISTICAL ANALYSIS
Data were collected and entered to the computer using SPSS (Statistical Package for Social Science) program for statistical analysis (ver. 21). Data were entered as numerical or categorical, as appropriate. When Kolmogorov-Smirnov test revealed no significance in the distribution of variables, parametric statistics was carried out (32) . Comparisons were carried out between the two studied groups using independent t test. Box and Whiskers was used. Chi-square test was used to measure association between qualitative variables. Monte Carlo correction was carried out when indicated. In the present study an alpha level was set to 5% with a significance level of 95%.
RESULTS
Comparing the shear bond strength (MPa) between the two groups the results revealed that Fuji IX GP group (group I) was higher in the mean shear bond strength values (6.624) than glass carbomer group (group II) (2.870) with statistical significance difference (p=0.000) (table 2, fig.2 Comparison between the two groups regarding the 3 mode of failures, revealed no statistically significance difference between them. (Table 3 ) 
DISCUSSION
In the current study the tested materials were, high viscosity Fuji IXGP glass ionomer cement compared with Glass Carbomer which is a new innovation of glass ionomer cement. Both cements are encapsulated chemically cured GICs.
Upon comparing the two groups, the null hypothesis was rejected. There was a highly statistical significance difference in the values of shear bond strength of the two used materials in favor of the control group and this result was in accordance with a study by Olegario et al (16) . Shebl et al (27) compared the shear bond strength of glass carbomer with one resin modified glass ionomer (Ketac Nano) and one conventional glass ionomer (Ionofil) to enamel surfaces of permanent teeth and the results revealed that, glass carbomer recorded the lowest values of shear bond strength compared with the other two materials tested.
The difference in SBS in the two groups could be due to the application of dentin conditioner which was applied in group I and not in group II according to the manufacturer instructions of both materials. Pre conditioning step may affect the results as the bond strength of the glass-ionomer cement to tooth structure can be enhanced greatly by the use of suitable conditioners for the pre-treatment of enamel and dentin. These substances contain a variety of functional groups capable of hydrogen bonding to tooth material, which ensure effective cleaning and wetting of the substrate surfaces (1).
According to Meerbeek et al, (34) Fuji IX group has two-fold bonding mechanism as, the short polyalkenoic acid pre-treatment cleans the tooth surface; it removes the smear layer and exposes collagen fibrils up to about 0.5-1 m depth then, glass-ionomer components inter-diffuse and establish a micro-mechanical bond. This is in addition to the chemical bonding which is obtained by ionic interaction of the carboxyl groups of the polyalkenoic acid with calcium ions of hydroxyapatite that remains attached to the collagen fibrils which in turn increase the resistance to hydrolytic degradation (35) . On the other hand, a study by Carvalho et al (36) showed that, the shear bond strength of Fuji IX GP was lower than Ketac Molar with statistical significance difference. This difference in the results could be due to using Ketac Molar while in our study we used Glass Carbomer cement.
Considering the association between the different modes of failure found in the result of the current study it was noticed that, the 3 mode of failures were detected by mean of stereomicroscope and there was no statistically significance difference between the two groups regarding the 3 modes of failure detected in both group. No conclusive results can be found in the literature due to variations on the specimens' dimensions, storage medium time and cross-head speeds of tests. From the previously cited studies, one can find out that, Fuji IX GP can resist the dislodging forces in the oral cavity especially in the atraumatic restorative treatment cases due to its high shear bond strength values recorded. Also, regarding Glass Carbomer a preconditioning step may be needed to improve its adhesion to dentin.
CONCLUSIONS
From the present in vitro study it was concluded that the mean shear bond strength of Glass Carbomer cement is lower than Fuji IX GP. This information may help the dental practitioner in appropriate material selection.
